Background: Aging affects respiratory strength that could cause reduction in functional capacity and quality of life, playing a fundamental role in healthy aging and survival. To prevent these declines, the whole body vibration (WBV) has been proposed to increase strength and functional capacity. The aim of the study was to evaluate the effects of WBV on respiratory muscle strength, thoracoabdominal ventilation, and quality of life in the elderly adults. Methods: This study was a controlled, randomized double-blind clinical trial. The study included 28 elderly adults randomized into three groups: Resistance (n = 9), WBV (n = 9), or WBV + resistance exercises (n = 10), performing training, sham, or double training for 3 months, twice per week. The variables of the study were as follows: maximal inspiratory and expiratory pressures (MIP and MEP), distribution of thoracoabdominal volumes variation in optoelectronic plethysmography (pulmonary rib cage-V RCp , abdominal rib cage-V RCa , and abdomen-V AB ), and quality of life. Results: After training, WBV and WBV + resistance groups increased MIP and MEP (p < .001). During inspiratory capacity maneuver, WBV groups had incremental increases in chest wall total volume (p < .001), showing a rise in pulmonary rib cage (p = .03) and abdominal rib cage (p = .04). Furthermore, WBV groups improved SF-36 scores in functional capacity, physical aspects, energy, pain, and general heath domains. Conclusions: The WBV is a training that could improve respiratory muscle strength and quality of life and promote different ventilatory strategies in chest wall and thoracoabdominal compartments in healthy elderly adults.
Aging, even without associated morbidity, could decrease pulmonary function, causing sarcopenia in respiratory muscles, and reduce lung volumes (1) .
The decline of the respiratory system is one aspect of impairments in functional capacity in the elderly adults (2) . In particular, there is an increased incidence of heart and musculoskeletal diseases, causing muscle weakness, dependence, immobility, and increased risk of falls. These factors negatively impact quality of life. According to the World Health Organization (WHO), functional capacity is a domain of quality of life that plays a fundamental role in healthy aging and survival (3) .
To prevent or reverse declines in functional capacity in the elderly adults, different types of exercise have been proposed, such as resistance and aerobic training, with satisfactory results (4) . However, the common presence of musculoskeletal disorders such as joint pain, osteoarthritis, and osteoporosis may limit exercise ability. The vibrating platform may be a promising modality because it is an exercise that does not cause joint injuries (5) and associates resistance and aerobic training, achieving contractions through tonic vibration reflexes in the whole body. It is likely that this reflex promotes a biological adaptation that is connected to the neural potentiation effect, similar to response produced by resistance training (4) in peripheral muscles.
Declines in lung function associated with decreases in functional capacity are predictors of quality of life and could be positively influenced by physical training. The hypothesis of this study was that training with a vibrating platform in healthy elderly adults increases respiratory muscle strength, pulmonary ventilation, and quality of life. Therefore, the aim of the study was to evaluate the effects of whole body vibration (WBV) on respiratory muscle strength, thoracoabdominal ventilation, and quality of life in the elderly adults.
Methods

Participants
This was a controlled, randomized, double-blind study with allocation concealment. Thirty-five male and female elderly participants were allocated to three groups. The inclusion criteria were as follows: aged 60 to 74 years (3), sedentary or moderately active according to International Physical Activity Questionnaire (IPAQ) short form (6) , and no self-reported diseases. Participants with current or prior smoking habits, labyrinthitis, neuromuscular diseases, pulmonary diseases, or difficulty in following the protocols were excluded. The local Research Ethics Committee approved the study with written informed consent obtained from all volunteers who agreed to take part in the study, registered at clinicaltrial.gov NCT01681719.
Protocol
The IPAQ short form was used to rank exercise level. Quality of life was measured using the SF-36 questionnaire.
Pulmonary function was measured with spirometry (MicroLoop, Micro Medical, UK), according to the American Thoracic Society reference values for the Brazilian population (7). For respiratory muscle strength, the maximal inspiratory pressure (MIP) and maximal expiratory pressure (MEP) were evaluated with three maneuvers without leaks or variations exceeding 10% in digital manovacuometer (model MVD 300, MDI, Brazil), with participants comfortably sitting and using nose clip.
The distribution of thoracoabdominal volumes was assessed by optoelectronic plethysmography (OEP; ELITE system, BTS Engineering, Milano, Italy). OEP used 89 reflective markers (diameter 5 or 10 mm) placed with hypoallergenic adhesive tape on the thoracic and abdominal surface in seven horizontal rows and five vertical columns defined according to the protocol previously described (8, 9) .
Participants sat erect on a rigid bed with both feet on the floor, knees and hips at approximately 90°, and hands on the hips. Eight cameras, four positioned anteriorly and four posteriorly, captured the OEP data. After a period of adaptation to the experimental conditions, OEP data were recorded during 3 minutes of quiet breathing and three vital capacity maneuvers without speaking or movement. The three-dimensional coordinates of the markers measured the volume enclosed by the entire chest wall (V CW ) and its different thoracoabdominal compartments (pulmonary rib cage-V RCp , abdominal rib cage-V RCa , and abdomen-V AB ), as previously described (10, 11) .
Variations of V CW during breathing the ventilatory pattern-in terms of breathing frequency-tidal volume, and percentage contribution of each compartment to tidal volume were determined.
After evaluations were performed by a blind appraiser, the participants were randomly assigned to one of the three groups using the free software Sorteio Virtual Mais 2.0:
• Resistance group: Participants performed resistance exercise and sham for WBV; • WBV group: Participants performed WBV and sham for resistance exercises; and • WBV + resistance group: Participants performed both training protocols.
The training lasted for 12 consecutive weeks, three times per week for approximately 60 minutes per session. Resistance exercises of the arm, forearm, thigh, and leg flexors and extensors were performed using Mega II, Movement weight machine, according to American College of Sports Medicine (ACSM) guidelines for the elderly adults (12) . The sham of resistance exercise was performed with similar movements without load, during similar time.
The WBV training used MY3 (Power Plate, MY3, UK), a triaxial platform, at a frequency of 35 hertz with participants barefoot, keeping their knees semi-flexed at 15°, to minimize axial transmission to the cranial base (13) . The amplitude and time spent training in WBV during the 3 months were as follows: first month (2-mm amplitude and 10 sequences of 1 minute); second month (4-mm amplitude and 15 sequences of 1 minute); and third month (4-mm amplitude and 20 sequences of 1 minute). A minute of rest time was taken between each sequence. All parameters were safe according to the ISO 2631-1 for exposure to vibration (14) (Figure 1 ).
The WBV sham was performed with a disconnected platform and device reproducing platform noise during similar time, because the vibratory stimulus is not visually discernible. Furthermore, participants who achieved sham had no contact with those who effectively performed platform.
Statistical Analysis
Statistical analysis was performed using SPSS 15.0 software (SPSS, Chicago, IL). Kolmogorov-Smirnov and Levene tests were used to verify sample normality and intergroup homogeneity. Analyses of variance with Bonferroni's post hoc tests were also applied for intergroup comparison to compare quality of life domains, MIP, MEP, and OEP values, which are shown as mean ± SD. The correlation between MIP and thoracoabdominal compartments was tested by Pearson correlation. All tests were conducted at a 95% confidence level and a significance level of p less than .05. The sample calculation used a pilot and measured gains of 30% in inspiratory capacity (IC) by OEP, considered a power of (1−β) = 80% and α = 5%, using G-power 3.1 software (Behavior Research Methods, Instruments & Computers, Universitäd Kiel, Germany). The pilot indicated that 24 participants were needed to detect differences between groups. Due to the possibility of dropouts, we selected 35 individuals.
Results
Of the 35 eligible individuals, 4 were excluded. After randomization, 31 elderly patients were included in one of the three groups, with two who dropped out in the Resistance group and one in the WBV + resistance group. Of these, 28 participants completed the study. No waivers were required due to the WBV (Figure 2) .
Ensuring that the outcomes of the study were not influenced by the level of past physical activity, the IPAQ's results showed that 82% of the elderly people were sedentary and 18% had irregular type A activity.
Anthropometric and lung function data were no different between the three groups at baseline (Table 1) .
Respiratory muscle strength (MIP and MEP) had significant improvement after training in groups that performed WBV ( Table 2) .
All groups had similar physical and mental aspects evaluated by a quality of life questionnaire before training. After training, all physical domains had significant increases in the WBV group and the WBV + resistance group. Mental spheres showed no differences between the WBV groups ( Table 2) .
After training, during the IC maneuver, WBV groups had incremental increases in chest wall total volume, showing a rise in pulmonary rib cage and abdominal rib cage, and decrease in the abdominal compartments considering absolute and percent values ( Figure 3 and Table 3 ). During quiet breathing, all groups had similar distributions in chest wall and thoracoabdominal compartments, before and after training, as shown in Table 3 .
The correlation between MIP and thoracoabdominal compartments during IC maneuver showed a positive correlation between IC RCp and MIP (Figure 4 ).
Discussion
Our findings showed improvements in MIP, MEP, and quality of life values after training with the vibrating platform. In addition, the thoracoabdominal compartment presented volume variation during IC maneuver with increases in IC CW , IC RCp , and IC RCa and a decrease in IC AB .
As diaphragms in the elderly adults have mechanical disadvantages due to increased residual volume and decreased lung elastic recoil (1), the increase in MIP values is likely due to the action of accessory muscles that occurred during training. It is important to emphasize that the MIP maneuver evaluates the sum of pressures generated by all inspiratory muscles, making it difficult to measure individual action.
It is likely that the position adopted by elderly adults during WBV, which requires arm extension for support, facilitates transmission of the axial impulse for the scapular girdle, intensifying the stimulus for respiratory accessory muscles. Probably, the tonic vibration reflex induced a reflex sensitization of the muscle spindles, promoting increase in isometric and peak strengths, necessary for MIP maneuver. The Resistance group did not modify MIP values because resistance exercise is localized and restricted to the regions mobilized.
The sum of tonic contraction generated by vibratory stimuli associated with isometric contraction in abdominal muscles to maintain static positioning during training (15) may cause increased strength in the expiratory muscles, which was observed in our study by MEP improvement in WBV groups.
To keep stability in senescence, there is a reduction of mobility in the chest wall and in tidal volume of the respiratory system, with an increase in respiratory rate in an attempt to maintain a constant minute volume. However, this mechanism is insufficient during breathing efforts requiring adoption of different strategies such as use of accessory respiratory muscles (16) . After WBV training, groups changed their strategy of pulmonary ventilation during respiratory efforts stimulated by IC maneuver, with increases in pulmonary rib cage (IC RCp ) and abdominal rib cage (IC RCa ). The variation of these volumes was enough to significantly increase the volume displaced in the total chest wall.
The IC is an effort maneuver that results from accessory respiratory recruitment and lung compliance. It is likely that incremental increases in IC RCp and IC RCa volumes in the WBV trained group were caused by activation of accessory respiratory muscles (15, 16) , data supported by positive correlation of r = .979 between the pulmonary rib cage and the MIP. It allows greater ventilation competence during effort and makes the elderly adults better able to exercise, improving functional capacity (17). Romagnoli and colleagues (18) and Vogiatzis and colleagues (19) proposed that the largest influence of the pulmonary rib cage is to reduce the diaphragm and abdominal contribution as a protective mechanism against hyperinflation, explaining the cause of IC AB decrease, a trend similar to our study.
A previous study by Enright and colleagues (20) showed a positive association between the respiratory system and functional capacity improvement. The physical domains of quality of life showed significant improvements in our study, similar to the results of Furness and Maschette (21), using WBV in elderly adults and showing increases in functional capacity, physical aspects, pain, general health, and energy domains. The lack of physical fitness causes low quality of life in the elderly adults, because it leads to reduced muscle mass, strength, and flexibility, effects exacerbated by sedentary lifestyle. The practice of physical activity minimizes this, promoting benefits like bodily changes, improved self-esteem, and increased socialization.
Bruyere's (22) study with 40 elderly adults training WBV showed gains in functional capacity domain. The functional capacity is the item that best shows to preserve the ability to perform activities independently, allowing for an active lifestyle. According to the WHO, this is the main domain that should be worked in order to minimize dependence in the elderly adults.
Considering that cardiac and respiratory problems, more so than musculoskeletal diseases, lead to functional loss (23) and declines in lung function in the elderly adults compromise respiratory reserve, limit functional capacity, and reduce the level of physical activity, thereby causing dependence (17) . A training program, such as WBV, that improves the function of respiratory muscles is important to reverse this situation. However, it is clear that more research on WBV is needed to clarify the mechanisms of respiratory strength gains, as studies in populations with comorbidities.
Clinical Implications
The WBV is a low overhead joint training that may be indicated for the elderly people with limited mobility or joint injuries, being a training that could produce a positive impact on lung function and generate different strategies in pulmonary ventilation might be helpful in respiratory overload, like maneuvers where IC is demand as exercise. Furthermore, when the respiratory system is vulnerable, such as in respiratory infection, the increase in inspiratory volume and MEP probably helps to minimize risk of respiratory infections by improving cough efficacy.
All physical domains in quality of life scale had improvements. Clinically, the quality of life allows the screening and monitoring of individual problems and the perceived health status and shows results of interventions in health care. Specifically, the improved functional capacity domain is related to better condition of autonomy and independence and its maintenance is associated with lower risk of institutionalization, falls, and mortality.
Limitations
A limitation of this study was that the MIP maneuver does not measure isolated respiratory muscle strength. Thus, the use of (n = 9) (n = 9) (n = 10) (n = 9) (n = 9) (n = 10) surface electromyography for respiratory muscles could aggregate results to discover what muscle group had a greater post-training influence. However, this was offset by OEP that showed V CW variations, which in turn allowed inferences about accessory respiratory muscle action. Although this study used a healthy sample, the elderly adults had low initial MIP, suggesting a basal respiratory weakness. Further studies are required that include elderly adults with pulmonary or muscular diseases in order to delve deeper into the applications of such an intervention in diverse population.
Conclusion
The WBV is an effective alternative training for the elderly adults to improve respiratory muscle strength and physical domains of quality of life. In addition, different ventilatory strategies were adopted in chest wall and thoracoabdominal compartments during respiratory effort.25-75% (% predict) 60.6 ± 6.1 54.8 ± 8.0 60.0 ± 3.9FEF25-75% (% predict) 60.6 ± 6.1 54.8 ± 8.0 60.0 ± 3.9FEF25-75% (% predict) 60.6 ± 6.1 54.8 ± 8.0 60.0 ± 3.9
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